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CH ESAPEAKE & OHIO RY. 
HE F. F. V. LIMITED is one of the finest trains hauled over any railway track in America. It runs 
solid between Cincinnati and New York, the route from Washington being over the Pennsylvania 
system. It has every modern convenience and appliance, and the dining-car service has no superior if 
it has an equal. The road-bed is literally hewed out of the eternal rocks; it is ballasted with stone 
from one end to the other; the greater portion is laid with one-hundred-pound steel rails, and although 
curves are numerous in the mountain section, the ride is as smooth as over a Western prairie. 


One of the most delightful rides in all the route is that through the New River valley. The 


mountains are just low enough to be clad with verdure to the very top, and in the early spring every 
variety of green known to the mixer of colors can be seen, while the tones in autumn take on all the 


range from brown to scarlet. 
These facts should be borne in mind by the traveler between the East and the West. 


H. W. FULLER, Genl.. Pass. Agent, Washington, D. C. 
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The Jumping-of Place 


of the United States in Northwestern Washington is a region of 
unusual grandeur. 

A wild, craggy range of mountains, the OLYMPICS, looks out 
upon the waters of the Pacific Ocean and the strait of Juan de 
Fuca. The high peaks of the range are crested with eternal snow 
and ice. Deep in their hollows are lakes of great depth and crys- 
tal purity. The flanks of the mountains are covered with the 
finest timber in the United States. Giant pines, cedars and firs 
& rise 100, 200, and even 300 feet in the air. The streams race 
through wild ravines and are full of mountain-trout. 
en It is a paradise for the woodsman and angler. The lakes 
‘ai have large and new varieties of trout in them that fight viciously 
@ for life. It is a land little known and explored—perhaps less so 
€ than any region of equal area in the United States. 











, The NORTHERN PACIFIC’S new tourist book, WONDERLAND ’97, 
oy has a chapter on this section, and it will be sent to any address by CHARLES 
Gs, FEE, General Passenger Agent, St. Paul, Minnesota, upon receipt of SIX 


tay’ +~==CENTS in postage-stamps. 


. ON <Py, De se f vs 
\S@SSOOOE 


Sy 


9; 
Zi 


Seocccesnbuchhemeabeciall 


@GSSSSSeSS SSSSSesee 


~ 





EB 


& 





NATIONAL GEOGRAPHIC MAGAZINE 





SOUTHERN RAILWAY 


GREATEST SOUTHERN SYSTEM. 


Penetrates with its main line or. branches eight States 
South of the Ohio and Mississippi Rivers, and in con- 
junction with its friendly allied connections reaches all 
the commercial centers of the South and Southwest .. . 


DOUBLE DAILY VESTIBULED LIMITED TRAINS 


. +. BETWEEN... 
Washington and Nashville via Salisbury, Asheville, Knoxville and 
Chattanooga. 
Washington and Tampa via Columbia, Savannah and Jacksonville. 
Washington and Memphis via Atlanta, Birmingham and K. C. M. & B. 
Washington and New Orleans via Atlanta, Montgomery and Mobile. 
Norfolk and Chattanooga via Salisbury, Asheville and Knoxville. 
Pullman Sleeping Cars—Dining Cars—Day Coaches. 
Additional Trains for local travelers. ..... . 


The direct line to the FLORIDA, GULF COAST and TEXAS, 
Winter Resorts of | - +» »« MEXICO and CALIFORNIA, 
——AND THE BEST—— 
Through Car Line to and from Asheville and Hot Springs—‘‘ The Land of the Sky.”’ 








Write for Map Folders. 


R. D. CARPENTER, General Agent, 271 Broadway, New York City. 
L. S. BROWN, General Agent Passenger Department, Washington, D. C. 
J. H. WINGFIELD, Passenger Agent, Norfolk, Va. 


S. H. HARDWICK, Assistant General Passenger Agent, Atlanta, Ga. 
Cc. A. BENSCOTER, Assistant General Passenger Agent, Chattanooga, Tenn. 
W. H. TAYLOE, Assistant General Passenger Agent, Louisville, Ky. 
J. M. CULP, Traffic Manager. W. A. TURK, General Passenger Agent. 


The Mutual Life Insurance Co. 


OF NEW YORK, 
RICHARD A. McCURDY, President, 


Is the Largest Insurance Company in the World. 





The Records of the Insurance Department of the State of New 
York SHOW THAT The Mutual Life 


Has a Larger Premium Income - -~ - ($39,000,000) 
More Insurance in Force - - - - -  ($918,000,000) 
A Greater Amount of Assets - - - -  ($235,000,000) 
A Larger Annual Interest Income - - - ($9,000,000) 
Writes More New Business” - - - -  ($136,000,000) 
And Pays More to Policy-holders - - ($25,000,000 in 1896) 


THAN ANY OTHER COMPANY. 


It has paid to Policy-holders since | 
its organization, in 1843, i 6S $437,005,195.29 





ROBERT A. GRANNISS, Vice-President. 


WALTER R. GILLETTE, General Manager. FREDERIC CROMWELL, Treasurer. 
ISAAC F. LLOYD, Second Vice-President. EMORY McCLINTOCK, Actuary. 
WILLIAM J. EASTON, Secretary. 
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Ripans Tabules cure headache. 











The Fastest and Finest Train in the West... . 


Acie | The Overland Limited 
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FROM 16 TO 20 HOURS 
SAVED BY USING 


“THE OVERLAND ROUTE.” 


Double Drawing-Room Pullman Sleepers. 
Free Reclining Chair Cars. 

Pullman Dining Cars. 

Buffet Smoking and Library Cars. 


Send for Descriptive Pamphlet “ 49-96,’ E. L. LOMAX, 


Folders and other Advertising Matter. Genera! Passenger and Ticket Agent, 
OMAHA, NEB. 


(Mention this publication.) 
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THE CHICAGO, MILWAUKEE AND ST. PAUL RAILWAY 


-RONS.. 


Electric Lighted and Steam Heated Vestibuled Trains between Chicago, Mil- 
waukee, St. Paul and Minneapolis daily. 


Through Parlor Cars on day trains between Chicago, St. Paul and Minneapolis. 
Electric Lighted and Steam Heated Vestibuled Trains between Chicago and 
Omaha and Sioux City daily. 


Through Sleeping Cars, Free Reclining Chair Cars and Coaches between Chicago 
and Kansas City, Mo 


Only two hours from Chicago to Milwaukee. Seven fast trains each way, daily, 
with Parlor Car Service. 


Solid trains between Chicago and principal points in Northern Wisconsin and 
the Peninsula of Michigan. 


Through Trains with Palace Sleeping Cars, Free Reclining Chair Cars and Coaches 
between Chicago and points in lowa, Minnesota, Southern and Central Dakota. 


The finest Dining Cars in the World. 
The best Sleeping Cars. Electric Reading Lamps in Berths. 


The best and latest type of private Compartment Cars, Free Reclining Chair 
Cars, and buffet Library Smoking Cars. 


Everything First-class. First-class People patronize First-class Lines. 
Ticket Agents everywhere sell tickets over the Chicago, Milwaukee and St. Paul Ry. 


GEO. H. HEAFFORD, 
General Passenger Agent, Chicago, I//. 





WHENEVER YOU VISIT WASHINGTON 


YOU ARE INVITED TO INSPECT THE 
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Where the LATEST PARIS NOVELTIES are always on Exhibition. 


The attention of those who anticipate purchasing 


\. BRIDAL TROUSSEAUX 


Is invited especially to extreme PARIS NOVELTIES in siesbehat sets 
of French Hand-made Lingerie, including Gowns, Skirts, Chemises, 
Drawers, Corset Covers, &c. These can be furnished in any number, 
of pieces desired. 
HAND-MADE BRIDAL TROUSSEAUX, personally 
selected in Paris and exclusive in — and 10 oi 250. 
design: Three or more pieces ' 
CORRESPONDENCE SOLICITED. MAIL ORDERS RECEIVE PROMPT AND CAREFUL ATTENTION. 


TENTH, ELEVENTH, AND F STREETS N. W. . . . . WASHINGTON, D. C. 
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and the Northwest 
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‘¢ Maple 
Leaf 
Route ”’ 
RAILWAY 
For tickets, rates or any detailed information apply 
to your home agent or write to 
F. H. LORD, 
Gen’! Pass’r and Ticket Agent, 
CHICAGO. 
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A VITAL POINT —===EEEE 


A TYPEWRITER’S 
PRINTING MECHANISM 








" | MPROVEMENT THE GCIDER OF THE AG ."* 
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MUST BE SCIENTIFICALLY CON- 
STRUCTED. THIS POINT IS OF 
UTMOST IMPORT FOR 





EASY OPERATION AND 
PERFECT EXECUTION. 


Che Smith.. 
Premier 
Cypewriters 


Superior on This Point as Well as on All Others. 











The Smith Premier Typewriter Co., 


ONLY CORRECT 
SYRACUSE, N. Y., U.S. A. 


PRINCIPLES EMPLOYED. 
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Catalogues and Information at Washington Office, No. 1416 F Street. 














AN IMPROVED METHOD OF KEEPING THE SCORE IN 


DUPLICATE WhIST, COMPASS WhIST, STRAIGHT WHIST AND EUCHRE, 


Since Duplicate and Com- 
pass Whist have come into 
fashion there has been an 
unprecedented revival of in- 
terest in the game, due to 
the fact that mere /uck is to 
a large extent eliminated by 
a comparison of the scores 
made in the play of the same 
hands by different players. 


The one thing needed to 
perfect the new method has 
been a convenient device 
by means of which the score 
made on the first round can 
be concealed until after the 
replay of the hands, as a 
knowledge of the first score 
often enables a good player 
to make a decisive gain, and 
matches are lost aud won on 
just such little chances. 


A Washington player has at 
length invented and put upon 
the market at a very low price a 
little device which admirably 
answers the purpose, and at the 
same time serves as a pretty 
and useful table ornament, 
marker, and pencil rest. It is 
called the ‘‘Cosmos COUNTER,”’ 
and consists of a little polished 
wood tablet with a metal key- 
board that can be clamped down 
on the score in such a way as to 
bring 24 little metal plates over 
the 24 spaces in the ‘‘score”’ 
column of the card, for use in 
concealing each first score as 
soon as recorded and until the 
hand is replayed (in duplicate 
whist) or the entire series fin- 
ished (in compass whist). 


Whist players will at once see 
the advantage of this new 
method of keeping the score, as 
it effectually prevents their op- 
ponents at the same or another 
table from taking advantage, 
either by accident or design, of 
a knowledge of what the hand 
is capable. The trouble with 
duplicate whist, especially, is 
that the replay is liable to be in- 
fluenced by memory of the cards 
and score, and anything that 
helps to confuse such recollec- 
tion is a great gain to fair play. 


The ‘‘Cosmos Score Card,”’ 
prepared for use with the 
counter, shows several new fea- 
tures, such as a heading for both 
— and Compass Whist 
and (on the reverse) for Straight 
Whist, Euchre, &c., thus ena- 
bling the same counter and score 
to be used for any game of cards. 


Cosmos Counters, with tablet 
of quartered oak, maple, or 
birch, and metal in either gold 
or silver finish, 50 cts. apiece ; 6 
for $2.75; 12 for $5; by mail, 4 
cts. apiece extra. Cosmos Score 
Cards, 25 cts. per package of 50; 
12 packages for $2.50; by mail 
free of. postage. 


Ask to see samples at any 
stationer’s, or order direct trom 
the General Agents. 








Cosmos Duplicate Whist Score 
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E. MORRISON PAPER CO., 1009 Penna. Avenue, Washington, D. C. 
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NATIONAL GEOGRAPHIC MONOGRAPHS 


On the PHYSICAL FEATURES OF THE EARTH’S SURFACE, designed especially to supply to teachers and 
students of geography fresh and interesting material with which to supplement the regular text-book. 


LIST OF MONOGRAPHS COMPRISING VOLUME I: 


GENERAL PHYSIOGRAPHIC PROCESSES - - - - - =a 
GENERAL PHYSIOGRAPHIC FEATURES - - - - - - -J. W. Powell 
PHYSIOGRAPHIC REGIONS OF THE UNITED STATES - - - 

BEACHES AND TIDAL MARSHES OF THE ATLANTIC COAST Prot. N. S. Shaler 


PRESENT AND EXTINCT LAKES OF NEVADA - - - - Prof. I. C. Russell 
APPALACHIAN MOUNTAINS—NORTHERN SECTION - - - Bailey Willis 
APPALACHIAN MOUNTAINS—SOUTHERN SECTION - - - CC. Willard Hayes 
MT. SHASTA—A TYPICAL EXTINCT VOLCANO - - - - J. S. Diller 

THE NEW ENGLAND PLATEAU - - - . - - - Prof. W. M. Davis 
NIAGARA FALLS AND ITS HISTORY - - - - - - G. K. Gilbert 


Price for one set of ten monographs, $1.50. Five sets toone address, $6.00. Single monographs, 20c. 


Remit with order to AM ERICAN BOOK COM PANY, 


New York 7 Cincinnati 6 Chicago 





Ripans Tabules assist digestion. 


TERRESTRIAL MAGNETISM 


An International Quarterly Journal 








Edited by L. A. BAUER 
With the Co-operation of Eminent Magneticians 





devoted exclusively to Terrestrial Magnetism and allied 
Atmospheric Electricity, etc., entered on its second 


as 


ITH the March, 1897, issue, this Journal, 
subjects, such as Earth Currents, Auroras, 
volume. ‘he hearty co-operation extended by the workers in this promising field of investigation, 
abundantly shown by the numbers thus far issued, has made this Journal the international organ for 
making known the latest achievements. ‘The magnetic needle has become such a promising instrument 
of research, not only in terrestrial, but in cosmical physics, that this Journal appeals to a large class of 
investigators. The geographer, the geologist, the astronomer, the meteorologist—all are interested in 
the development of the subject of terrestrial magnetism. It should therefore receive their support. 
Among the contributors of the main articles in the past have been Messrs. Barus, Borgen, Chree, 


Eschenhagen, Littlehales, Riicker, Schmidt, Schuster, and de Tillo. 
Future numbers will contain : 
‘¢The Earth, a Great Magnet,’’ 
By Dr. J. A. FLEMING. 
‘¢ The Electrification of the Atmosphere,’’ 
By Pror. ALEXANDER MCADIE. 


‘¢ The Height of the Aurora,”’’ 
By Pror. CLEVELAND ABBE. 
‘¢The Distribution of Magnetic Observatories,’’ 
(Illustrated), 
By Pror. MAX ESCHENHAGEN, 
etc., etc. 

The size of the Journal is royal octavo, a volume embracing about 200 pages. Domestic subscription 
price: Two dollars; single numbers, fifty cents. Foreign subscription price: Nine shillings, nine 
marks, or eleven francs. Address : 

TERRESTRIAL MAGNETISM, 
The University of Cincinnati, Cincinnati, Ohio. 
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EOPLE like to read about the great 
and wonderful country of the 
Southwest; of its quaint and curious 
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natural marvels. They like to get ac- 
curate information about California 
and the Pacific Coast. This is because 
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“Through Storyland 


to Sunset Seas,” 
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You can get a copy by writing to 
S. F. B. MORSE, 
General Passenger Agent, 


Southern Pacific, 
New Orleans, 
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A charming book covering 
facts is issued by the 


PASSENGER DEPARTMENT 
Southern Pacific Railway, 


and will be sent to any one, postpaid, 
on receipt of TEN CENTS. 
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AND IS A WONDERFULLY HAND- 
205 PAGES, 
WITH 160 ILLUSTRATIONS. 

The .paper used is FINE PLATE 
PAPER, and every typographical de- 
tail is artistic. It is a story of what 


four people saw on just such a trip as 
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MODIFICATION OF THE GREAT LAKES BY EARTH 
MOVEMENT * 


By G. K. GILBERT, 


U. S. Geological Survey 


The history of the Great Lakes practically begins with the melt- 
ing of the Pleistocene ice-sheet. They may have existéd before 
the invasion of the ice, but if so their drainage system is unknown. 
The ice came from the north and northeast, and spreading over 
the whole Laurentian basin invaded the drainage districts of the 
Mississippi, Ohio, Susquehanna, and Hudson. During its wan- 
ing there was a long period when the waters were ponded between 
the ice front and the uplands south of the Laurentian basin, form- 
ing a series of glacial lakes whose outlets were southward through 
various low passes. A great stream from the Erie basin crost the 
divide at Fort Wayne to the Wabash river. A river of the mag- 
nitude of the Niagara afterward flowed from the Michigan basin 
across the divide at Chicago to the Illinois river; and still later 
the chief outlet was from tne Ontario basin across the divide at 
Rome to the Mohawk valiey. 

The positions of the glacial lakes are also markt by shore-lines, 
consisting of terraces, cliffs, and ridges, the strands and spits 
formed by their waves. Several of these shore-lines have been 
traced for hundreds of miles, and wherever they are thoroughly 
studied it is found that they no longer lie level but have gentle 
slopes toward the south and southwest. Formed at the edges of 


A more extended paper, of similar scope, entitled ‘*‘ Recent earth movement in the 
Great Lakes region,”’ will appear in the Eighteenth Anoual Report of the Survey. 


16 


*Publisht by permission of the Director of the United States Geological Survey 
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water surfaces, they must originally have been level, and their 
present lack of horizontality is due to unequal uplift of the land. 
The region has been tilted toward the south-southwest. The dif- 
ferent shore-lines are not strictly parallel, and their gradients 
vary from place to place, ranging from a few inches to three or 
four feet to the mile. 

The epoch of glacial lakes, or lakes partly bounded by ice. 
ended with the disappearance of the ice-field, and there remained 
only lakes of the modern type, wholly surrounded by land. 
These were formed one at a time, and the first to appear was in 
the Erie basin. It was much smaller than the modern lake, 
because the basin was then comparatively low at the northeast. 
Its outline is approximately shown by the inner dotted line 
of the accompanying map. Instead of reaching from the site 





























FIG. I—ANCIENT AND MODERN OUTLINES OF LAKE ERIE 
The broken lines show the positions of the shores at two epochs of the lake’s history 


of Buffalo to the site of Toledo, it extended only to a point oppo- 
site the present city of Erie, and it was but one-sixth as large 
as the modern lake. Since that time the land has gradually 
risen at the north, canting the basin toward the south, and the 
lake has gradually encroacht upon the lowlands of its valley. 
At a date to be presently mentioned as the Nipissing, the west- 
ern end of the lake was opposite the site of Cleveland, as indi- 
cated by another dotted line. 

The next great lake to be releast from the domination of the 
ice was probably Ontario, though the order of precedence is here 
not equally clear. Before the Ontario valley held a land-bound 
lake it was occupied by a gulf of the ocean. Owing to the dif- 
ferent attitude of the land, the water surface of this gulf was not 
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parallel to the present lake surface but inclined at an angle. In 
the extreme northeast, in the vicinity of the Thousand Islands, 
the marine shores are nearly 200 feet above the present water 
level, but they descend southward and westward, passing be- 
neath the lake level near Oswego, and toward the western end 
of the lake must be submerged several hundred feet. This con- 
dition was of short duration, and the rising land soon divided 
the waters, establishing Lake Ontario as an independent water 
body. The same peculiarity of land attitude which made the 
original Erie a small lake served to limit the extent of Ontario, 
but the restriction was less in amount because of the steeper 
slopes of the Ontario basin. Here again the southward tilting 
of the land had the effect of lifting the point of outlet and en- 
larging the expanse of the lake. 





























FIG. 2—ANCIENT AND MODERN OUTLINES OF LAKE ONTARIO 
The broken line shows the original extent of the lake 


There is some reason to think that the upper lakes, Huron, 
Michigan, and Superior, were at first open to the sea, so as to 
constitute a gulf, but the evidence is not so full as could be de- 
sired. When the normal lacustrine condition was establisht 
they were at first a single lake instead of three, and the outlet, 
instead of being southward from Lake Huron, was northeastward 
from Georgian bay, the outlet river following the valleys of the 
Mattawa and Ottawa to the St Lawrence. The triple lake is 
known to us chiefly through the labors of F. B. Taylor, who has 
made extensive studies of its shore-line. This line, called the 
Nipissing shore-line, is not wholly submerged, like the old 
shores of lakes Erie and Ontario, but lies chiefly above the 
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present water surfaces. It has been recognized at many points 
about Lake Superior and the northern parts of lakes Huron and 
Michigan, and measurements of its height show that its plane 
has a remarkably uniform dip, at 7 inches per mile, in a south- 
southwest direction, or, more exactly, S.27° W. As will be seen 
by the accompanying map, reproduced from Taylor, it crosses the 
modern shore-line of Lake Superior near its western end, thereby 
passing beneath the water surface ; and it similarly passes below 
the surface of Lake Michigan near Green bay, and below the 



































FIG. 3—THE NIPISSING GREAT LAKE (AFTER TAYLOR) 


Its boundaries are shown by the broken line 


surface of Lake Huron just north of Saginaw bay. The south- 
ward tilting of the land, involving the uplift of the point of 
outlet, increast the capacity of the basin and the volume of the 
lake, gradually carrying the coast-line southward in Lake Huron 
and Lake Michigan until finally it reacht the low pass at Port 
Huron and the water overflowed via the St Clair and Detroit 
channels to Lake Erie. The outlet by way of the Ottawa was 
then abandoned, and a continuance of the uplift caused the 
water to slowly recede from its northern shores. This change 
after a time separated Lake Superior from the other lakes, bring- 
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ing the St Marys river into existence, and eventually the present 
condition was reacht. 

These various changes are so intimately related to the history 
of the Niagara river that the Niagara time estimates, based on 
the erosion of the gorge by the cataract, can be applied to them. 
Lake Erie has existed approximately as long as the Niagara 
river, and its age should probably be reckoned in tens of thou- 
sands or hundreds of thousands of years. Lake Ontario is 
much younger. All that can be said of the beginning of Great 
Lake Nipissing is that it came long after the beginning of Lake 
Erie, but the date of its ending, through the transfer of outlet 
from the Mattawa to the St Clair, is more definitely known. 
That event is estimated by Taylor to have occurred between 
5,000 and 10,000 years ago.* 

The lake history thus briefly sketcht is characterized by a pro- 
gressive change in the attitude of the land, the northern and 
northeastern portions of the region becoming higher, so as to 
turn the waters more and more toward the southwest. The 
latest change, from Great Lake Nipissing to Great Lakes Supe- 
rior, Michigan, and Huron, involving an uplift at the north of 
more than 100 feet, has taken place within so short a period 
that we are naturally led to inquire whether it has yet ceast. Is 
it not probable that the land is still rising at the north and the 
lakes are still encroaching on their southern shores? J. W. 
Spencer, who has been an active explorer of the shore-lines of 
the glacial lakes and has given much study to related problems, 
is of opinion that the movements are not complete, and predicts 
that they will result in the restoration of the Chicago outlet of 
Lake Michigan and the drying of Niagara.t 

The importance of testing this question by actual measure- 
ments was imprest upon me several years ago, and I endeavored 
to secure the institution of an elaborate set of observations to 
that end. Failing in this, I undertook a less expensive investi- 
gation, which began with the examination of existing records 
of lake height as recorded by gage readings, and was continued 
by the establishment of a number of gage stations in 1896. To 
understand fully the nature of this investigation it is necessary 
to consider the difficulties that arise from the multifarious mo- 
tions to which the lake water is subject. 

4 Studies in Indiana Geography, X. A short history of the Great Lakes. Terre 


Haute, 1897. 
+ Proc. Am. Ass. Adv. Sei., vol. LIII, 1894, p. 246. 
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If the volume of a lake were invariable, and if its water were 
in perfect equilibrium under gravity, its surface would be con- 
stant and level, and any variation due to changes in the height 
of the land could be directly determined by observations on the 
position of the water surface with reference to the land; but 
these conditions are never realized in the case of the Great Lakes, 
where the volume continually changes and the water is always 
in motion. The investigator therefore has to arrange his meas- 
urements so as to eliminate the effect of such changes. 

Consider first the influence of wind. The friction of the wind 
on the water produces waves. These are temporary and practi- 
cally cease in periods of calm; the perpetual ground-swell of 
the ocean is not known on the lakes. The friction of the wind 
on the water also drives the water forward, producing currents. 
The water thus driven against the lee shores returns in under- 
currents, but the internal friction of the water resists and delays 
the return, and there is consequently a heaping of the water 
against lee shores and a corresponding lowering of its level on 
other shores. During great storms these differences amount to 
several feet, reaching a maximum in Lake Erie; in October, 
1886, a westerly gale is reported to have raised the water 8 feet 
at Buffalo and deprest it 8 feet at Toledo.* For light winds the 
changes of level are much smaller, but they are nevertheless 
appreciable, and they have even been detected in the case of the 
gentle “land and sea” breezes which in calm weather are created 
by the diurnal cycle of temperature change on the land. 

The water is also sensitive to atmospheric pressure. If the 
air prest equally on all parts of the lake surface the equilibrium 
of the water would not be disturbed ; but its pressure is never 
uniform. As shown by the isobars on the daily weather map, 
there are notable differences of pressure from point to point, and 
within the length of one of the Great Lakes these often amount 
to several tenths of a barometric inch. A column of mercury 
0.1 inch high weighs as much as a column of water 1.5 inches 
high ; and whenever the atmospheric pressure at one point on a 
lake exceeds the pressure at another point by the tenth of a baro- 
metric inch, the water level at the first point is, in consequence, 
1.3 inches lower than the water level at the second point. When 
a cumulus cloud forms over the water there is a reaction on the 

* Science, vol. VIII, pp. 34, 391. The effect of a storm in October, 1893, is ably diseust 
by Wm. T. Blount, in Ann. Rept. Chief of Engineers, U. S. A., for 1894, part 6, pp. 
3431-3435. 
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water, disturbing its equilibrium, and the passage of a thunder- 
storm often produces oscillations attracting the attention of even 
the casual observer. Such sudden and temporary variations of 
pressure give rise to waves analogous to those caused by a fall- 
ing pebble, except that they are broad and low, and these waves 
not only travel to all parts of a lake but are continued by reflec- 
tion, so that a local storm at one point is felt in the water surface 
at all points and for a considerable period. The passage of the 
greater atmospheric waves associated with ordinary cyclonic 
storms and the impulses given by winds are also able to set the 
whole body of the lake in motion, so that it sways from side to 
side or end to end like the swaying water in a tub or basin, and 
these swaying motions are of indefinite continuance. In the 
deeper lakes, and probably in all the lakes, they are so enduring 
as to bridge over the intervals from impulse to impulse. Such 
oscillations, which appear at any point on the coastas alternate 
risings and fallings of the water, with periods ranging from a few 
minutes to several hours, are called seiches. Their amplitude is 
usually a few inches, but at the ends of lakes is sometimes a foot 
or more. 

The lakes, like the ocean, are swayed by the attractions of the 
sun and moon. Their tides are much smaller than those of the 
ocean, and are even small as compared to the seiches, but they 
are still measurable. At Milwaukee the lunar tide rises and falls 
more than an inch and the solar tide a half inch. At Chicago 
and Duluth each tide amounts to an inch and a half, and their 
combination at new and full moon to three inches. 

Water is continually added to each lake by rivers and creeks, 
but the rate is not uniform. Usually a few freshets, occurring 
within two or three weeks, contribute more water than comes 
during all the remainder of the year. Water is also added in an 
irregular way by rain and snow falling directly on the lake. It 
is subtracted by evaporation, the rate of which varies greatly, and 
by overflow, which varies within moderate limits. The volume 
of water contained in the lake, being subject to these variable 
gains and losses, is itself inconstant, and the general height of 
the water surface therefore oscillates. In average years the range 


of variation for Lake Superior is 12 inches; for lakes Michigan 
and Huron, 12 inches; for Lake Erie, 14 inches, and for Lake 
Ontario, 17 inches. Low water occurs normally in January or 
February for all the lakes except Superior, where it occurs in 
March. High water is reacht sooner in the lower lakes, June 
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being the usual month for Ontario, June or July for Erie, July 
for Michigan and Huron, and August or September for Superior. 
Fig. 4 shows the character of the annual 
oscillations, as given by averages of long 
series of years. 

In a wet year more water enters the lake 
than leaves it, and there is a net rise of the 
surface; in a dry year there is a net fall. 
A series of wet years produce exception- 
ally high water, and a series of dry years 
exceptionally low, so that the entire range 
of water height is considerably greater than 
the annual range. The recorded range for 
lakes Superior, Michigan, and Huron is 
between 5 and 6 feet; for Erie and Ontario, 
between 4 and 5 feet. 

The accompanying diagram (Fig. 5) of 
the oscillations of Lake Michigan illus- 
trates the annual cycle and also the pro- 
gressive changes from year to year. Being 
compiled from monthly means of gage 
readings, it does not show tides and seiches 
nor the oscillations of short period. 

These various oscillations of the water, 
though differing widely in amplitude, rate, 
and cause, yet coexist, and they make the 
actual movement of the water surface 
highly complex. The complexity of move- 
ment seriously interferes with the use of 
the water plane as a datum level for the 
measurement of earth movements, and a 
system of observations for that purpose 
needs to be planned with much care. The 
main principles of such a system are, how- 
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Each vertical space represents six inches. 
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4—ANNUAL OSCILLATIONS OF THE SURFACES OF THE LAURENTIAN LAKES 
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ever, simple, and may readily be stated. 
The most important is that the direct 
measurement of the heights of individual 
points should not be attempted, but com- 
parison should always be made between 
two points, their relative height being 
measured by means of the water surface 





for Lake Superior cover the period 1862-1895 ; 
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used as a leveling instrument. 


Compiled from monthly means publisht by the Chief of Engineers, U.S. A. 
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FIG. 5—OSCILLATIONS OF THE SURFACE OF LAKE MICHIGAN, DUE TO CHANGES IN 
THE VOLUME OF THE LAKE 
Compiled under the direction of the Chief of Kngineers, U. S. A., from gage read- 
ings at Milwaukee, Wisconsin, from August, 1859, to June, 1897. Each horizontal 
space represents a calendar year ; each vertical space one foot 


In the diagram, Fig. 6, A C B is the profile of a lake basin, 
A and B are fixt objects on opposite shores, and we will sup- 
pose the water surface to have the position X X’. Assuming 
the water in equilibrium, all parts of this surface have the same 
height. If the height of A above the water at X be accurately 
measured by the surveyor’s level, and the height of B above the 
water at X’ be similarly measured, then the difference between 
these two measurements gives the difference in height between 
A and B. After an interval of some years or decades the work 

B 


A 
> ay 


FIG. 6—DIAGRAM ILLUSTRATING THE METHOD OF USING A LAKE SURFACE FOR THE 
DISCOVERY AND MEASUREMENT OF EARTH MOVEMENTS 
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is repeated. The water surface then has some different position, 
Y Y’, and the heights measured are of A above Y and of B above 
Y’. The difference between the two heights gives again the rela- 
tive height of A and B; and if earth movement has tilted the 
basin toward A or B, the change in their relative height may be 
shown by the difference in the two results of measurement. 

As the water is in fact not still, but in continual motion, the 
mere running of lines of level from A and B to the water does 
not suffice, and it is necessary to determine from observations 
on the oscillating water surface what would be its position if 
still. Such observations are made by means of gages. These 
are of various forms, but each consists essentially of a fixt point, 
or zero, close by the water, and a graduated scale by means of 
which the vertical distance of the water surface from the zero is 
measured. 

Changes in the volume of the lake influence all parts of its 
surface equally and atthesame time. To eliminate their effects 
from the measurements it is only necessary that the gage obser- 
vations at the two stations besimultaneous. The effects of wind 
waves can be prevented by breakwaters. Disturbances due to 
currents propelled by strong winds can be avoided by choosing 
times when there is little wind. The effects of light winds can be 
approximately eliminated by taking the average of many obser- 
rations, and so can the effects of seiches and tides. The effects 
of differences of atmospheric pressure can be computed from 
barometric measurements of air pressure, and the proper correc- 
tionsapplied. It is also possible, by the discussion of long series 
of observations at each station, to determine the local tidal effects 
and afterward apply corrections; and the land and sea breeze 
effect may be treated in the same way. 

In the investigation I was able to make, consideration was given 
to these various sources of error, but it was not practicable to take 
all desirable measures for avoidance or correction, because the 
reading of gages was only partly under my control. Gage sta- 
tions have been establisht on the Great Lakes at various times 
and at various places, and the records of readings have been pre- 
served. In some cases the zeros of gages were connected by level- 
ing with bench marks of a permanent character, and in a few in- 
stances the gages themselves are stable and enduring structures. 
The most important body of information of this character is con- 
tained in the archives of the United States Lake Survey, which 
were placed at my service by the Chief of Engineers, U.S.A. By 
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searching the records I was able to select certain pairs of stations 
at which the relative heights of permanent points on the shore 
(equivalent to A and B of the diagram) had been practically de- 
termined twenty or more years ago. At some of these stations 
gages are still read ; at others I establisht gages and ran the level- 
ing lines necessary to connect them with the old benches. At 
all of them observations were maintained from July to October, 
1896, and these observations, in combination with the levelings, 
afforded measurements that could be compared with those made 
earlier so as to discover changes due to earth movement. 

It will not be necessary to give here the details of observation 
and computation, as they are fully set forth in a paper soon to 
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FIG. 7—MAP OF THE GREAT LAKES, SHOWING PAIRS OF GAGING STATIONS AND 
ISOBASES OF OUTLETS 


The isobases are markt by full lines. Broken lines show the pairs of stations 


be printed by the Geological Survey, but the general scope of the 
work may be briefly outlined. As the tilting shown by the geo- 
logic data was toward the south-southwest, stations were, so far as 
possible, selected to test the question of motion in that direction. 
The most easterly pair were Sacketts Harbor and Charlotte, New 
York, connected by the water surface of Lake Ontario (see map, 
Fig. 7). From observations by the U.S. Lake Survey in 1874, 
it appeared that a bench mark on the old light-house in Char- 
lotte was then 18.531 feet above a certain point on the Masonic 
Temple in Sacketts Harbor. In 1896 the measurement was re- 
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peated, and the difference found to be 18.470 feet, the point at 
Sacketts Harbor having gone up, as compared to the point at 
Charlotte, 0.061 foot, or about three-fourths of aninch. Similarly 
it was found that between 1858 and 1895 a point in Port Colborne, 
at the head of the Welland canal, as compared to a point in 
Cleveland, Ohio, rose 0.239 foot, or nearly three inches. Between 
1876 and 1896 a point at Port Austin, Michigan, on the shore of 
Lake Huron, as compared toa point in Milwaukee, on the shore 
of Lake Michigan, rose 0.137 foot, or one and one-half inches ; 
and in the same period a point in Escanaba, at the north end of 
Lake Michigan, as compared to the same point in Milwaukee, 
rose 0.161 foot, or about two inches. 

There is no one of these determinations that is free from doubt ; 
buildings and other structures on which the benches were markt 
may have settled, mistakes may have been made in the earlier 
leveling, when there was no thought of subjecting the results to 
so delicate a test, and there are various other possible sources of 
error to which no checks can be applied; but the fact that all 
the measurements indicate tilting in the direction predicted by 
theory inspires confidence in their verdict. This confidence is 
materially strengthened when the numerical results are reduced 
to a common unit and compared. 


Summary of Distances, Time Intervals, and Measurements of Differential 
Earth Movements 
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The stations of the several pairs are at different distances apart, 
the directions of the lines connecting them make various angles 
with the theoretic direction of tilting, and the time intervals 
separating the measurements are different. ‘To reduce the results 
to common terms [ have computed from each the rate of tilting it 
implies in the theoretic direction, 5.27° W. In the sixth column 
of the preceding table the rate is exprest as the change in relative 
height of the ends of a line 100 miles long during a century. 

Compared in this way, the results are remarkably harmonious, 
the computed rates of tilting ranging only from 0.37 foot to 0.46 
foot per 100 miles per century ; and in view of this harmony it is 
not easy to avoid the conviction that the buildings are firm and 
stable, that the engineers ran their level lines with accuracy, that 
all the various possible accidents were escaped, and that we have 
here a veritable record of the slow tilting of the broad lake-bear- 
ing plain. 

The computed mean rate of tilting, 0.42 foot per 100 miles per 
century, is not entitled to the same confidence as the fact of tilt- 
ing. Its probable error, the mathematical measure of precision 
derived from the discordance of the observational data, is rather 
large, being one-ninth of the whole quantity measured. Perhaps 
it would be safe to say that the general rate of tilting, which may 
or may not be uniform for the whole region, falls between 0.30 
and 0.55 foot. 

While the credit of formulating the working hypothesis or geo- 
logic prediction which has thus been verified by measurement 
belongs to Spencer, itis proper to note that the fundamental idea 
of modern differential earth movement in the Great Lakes region 
was announced much earlier by G. R. Stuntz, a Wisconsin sur- 
veyor. Ina paper communicated to the American Association 
for the Advancement of Science in 1869, he cites observations 
tending to show that in 1852-’53 the water of Lake Superior 
stood abnormally high at the west end while it was unusually 
low at the east, and he infers that the land is not stable. 

The geographic effects of the tilting are of scientific and eco- 
nomic importance. Evidently the height of lake water at a lake’s 
outlet is regulated by the discharge and is not affected by slow 
changes in the attitude of the basin; but at other points of the 
shore the water advances or retreats as the basin is tipt. Con- 
sider, for example, Lake Superior. On the map (Fig. 7) a line 
has been drawn through the outlet at the head of St Marys 
river in adirection at right angles to the direction of tilting. All 
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points on this line, called the isobase of the outlet, are raised or 
lowered equally by the tilting and are unchanged with reference 
to one another. All points southwest of it are lowered, the 
amount varying with their distances from the line,and all points 
to the northeast are raised. The water, always holding its sur- 
face level and always regulated in volume by the discharge at 
the outlet, retreats from the rising northeast coasts and encroaches 
on the sinking southwest coasts. Assuming the rate of tilting 
to be 0.42 foot per 100 miles per century, the mean lake level is 
rising at Duluth 6 inches per century and falling at Heron bay 
5 inches. Where the isobase intersects the northwestern shore, 
which happens to be at the international boundary, there is no 
change. 

Lake Ontario lies altogether southwest of the isobase of its 
outlet, and the water is encroaching on all its shores. ‘The same 
tilting that enlarged it from the area markt by the dotted line of 
figure 2 is still increasing its extent. The estimated vertical rise 
at Hamilton is 6 inches per century. The whole coast of Lake 
Erie also is being submerged, the estimated rate at Toledo and 
Sandusky being 8 or 9 inches per century. 

The isobase of the double Lake Huron- Michigan passes south- 
west of Lake Huron and crosses Lake Michigan. All coasts of 
Lake Huron are therefore rising as compared to the outlet, and 
the consequent apparent lowering of the mean water surface is 
estimated at 6 inches per century for Mackinac and at 10 inches 
for the mouth of the French river on Georgian bay. In Lake 
Michigan the line of no change passes near Manistee, Michigan. 
At Escanaba the estimated fall of the water is 4 inches per cen- 
tury; at Milwaukee the estimated rise is 5 or 6 inches, and at 
Chicago between 9 and 10 inches. 

These slow changes of mean water level are concealed from 
ordinary observation by the more rapid and impressive changes 
due to variations of volume, but they are worthy of considera- 
tion in the planning of engineering works of a permanent char- 
acter, and there is at least one place where their influence is of 
moment to a large community. The city of Chicago is built on 
a smooth plain little above the high-water level of Lake Michigan. 
Every decade the mean level of the water is an inch higher, and 
the margin of safety is so narrow that inches are valuable. Al- 
ready the older part of the city has lifted itself several feet to 
secure better drainage, and the time will surely come when other 
measures of protection are imperatively demanded. 
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Looking to the more distant future, we may estimate the date 
at which the geographic revolution prophesied by Spencer will 
occur. Near Chicago, as already mentioned, is an old channel 
made by the outlet of a glacial lake. The bed of the channel at 
the summit of the pass is about 8 feet above the mean level of 
Lake Michigan and 5 feet above the highest level. In 500 or 600 
vears (assuming the estimated rate of tilting) high stages of the 
lake will reach the pass, and the artificial discharge by canal will 
be supplemented by an intermittent natural discharge. In 1,000 
years the discharge will occur at ordinary lake stages, and after 
1,500 years it will be continuous. In about 2,000 years the dis- 
charge from Lake Michigan-Huron-Erie, which will then have 
substantially the same level, will be equally divided between the 
western outlet at Chicago and the eastern at Buffalo. In 2,500 
years the Niagara river will have become an intermittent stream, 
and in 3,000 years all its water will have been diverted to the 
Chicago outlet, the Illinois river, the Mississippi river, and the 
Gulf of Mexico. 





THE TORONTO MEETING OF THE BRITISH ASSOCI- 
ATION FOR THE ADVANCEMENT OF SCIENCE 


If the British Association for the Advancement of Science has 
never yet done itself the honor of electing a geographer as its 
President, it at least is not open to the reproach of neglecting 
so important a department of knowledge as that which is con- 
cerned with the distribution of the human race and the manifold 
conditions of its environment. Throughout its entire history of 
67 years the Association has given geography a prominent place 
in its proceedings, and there have been few distinguished ex- 
plorers who have not reserved some of their most interesting and 
important utterances for the Geographical Section of this great 
scientific body. Just 40 years ago, in the city of Dublin, it was 
to see and hear Livingstone that people crowded into the hall 
assigned to Section E. Fifteen years later, at Brighton, before 
an equally large and brilliant assemblage, Mr Stanley narrated 
the thrilling story of his search for the great missionary-traveler 
in the wilds of equatorial Africa, and almost every Arctic ex- 
plorer and every seeker for the mysterious sources of the Nile 
and every daring adventurer who has penetrated the recesses of 
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the great Asiatic plateau has modestly narrated the story of his 
travels and his discoveries before the British Association. 

If the recent Toronto meeting will not be remembered for any 
dramatic incidents or other highly sensational features, it was in 
many respects a notable gathering and by no means lacking in im- 
portant contributions to geographic science. The address of the 
President of the Geographical Section, Mr J. Scott Keltie, LL. D., 
Joint Secretary of the Royal Geographical Society and Editor of 
the Geographical Journal and of the Statesman’s Year- Book, dealt 
with the geographic problems of the future and set forth in ad- 
mirable and most instructive array the various regions of the 
globe that are still wholly or in large part unexplored. This 
address is published, with but very slight abridgment, in the 
following pages, as a matter not merely of general interest, but 
of especial value to teachers and geographic students who find 
it difficult to keep abreast of geographic research in the more 
remote parts of the world. 

Dr Keltie’s address was delivered on August 19, and in the 
afternoon of the same day Sir George Scott Robertson, the Hero 
of Chitral, described Kafiristan and the Kafirs; Mr E. G. Raven- 
stein, of London, presented the sixth report of the Committee 
on the Climatology of Africa, a subject of great interest in view 
of the recent extension of European territory on that continent ; 
Mr E. Delmar Morgan, of London, read a paper on Nova Zem- 
bla and its Physical Geography, summarizing the results of re- 
cent Russian investigations and presenting the conclusion that 
the country is now undergoing a new process of glaciation that 
will convert it into an icy wilderness; Mr B. Leigh Smith, also 
of London, spoke on Recent ''emperature Observations off Spitz- 
bergen, and a voluminous report was presented on The Position 
of Geography in the Educational System of Great Britain. 

On the following day the proceedings of the Geographic Sec- 
tion included a paper by Prof. Richard E. Dodge, of the Teachers 
College, New York, on Scientific Geography for Schools, which 
was a plea for the more scientific teaching of geography in the 
public schools and for systematic codperation in the bringing 
about of a much-needed improvement ; a paper by Col. F. Bailey, 
of Edinburgh, on Forestry in India, showing the serious results 
of forest denudation in that country and the measures that have 
been adopted to remedy the evil; a Scheme of Geographical 
Classification, by Dr Hugh Robert Mill, of London; a paper by 
Mr Vaughn Cornish, on The Distribution of Detritus by the Sea; 
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a paper by Mr E. G. Ravenstein, on The Kongo and the Cape 
of Good Hope, 1482 to 1488, a narrative of one of the most in- 
teresting periods in the history of geographic exploration, and 
a communication by Prof. John Milne, of the Isle of Wight, on 
Certain Submarine Geological Changes, which was mainly an 
epitome of the article on Suboceanic Changes, published in the 
July and August numbers of the Geographical Journal. 

On August 23 Mr Marcus Baker, of the U.S. Geological Survey, 
read a paper, the joint production of himself and Mr Gardiner 
G. Hubbard, President of the National Geographic Society, on 
the Geography of the United States and the Agencies employed 
in its Exploitation; General A. W. Greely presented a paper by 
Prof. F. H. Newell, Chief Hydrographer of the U. S. Geological 
Survey, on the Hydrography ofthe United States ; Dr T. C. Men- 
denhall, President of the Worcester Polytechnic Institute and 
formerly Superintendent of the U. 8. Coast and Geodetic Survey, 
and Mr Otto H. Tittmann, Assistant in charge of the Office of the 
Survey, discussed the geographic work of that important gov- 
ernment bureau; Mr J. B. Tyrrell, of Ottawa, read a paper on 
the Barren Lands of Canada, by which title he designated the 
plains and prairies which stretch from Hudson bay to the Mac- 
kenzie river and from the coastline of the Arctic ocean south- 
ward to the region of civilization; Mr W. J. White read a paper 
on the Topographic Work of the Geological Survey of Canada ; 
Prof. Charles D. Walcott, Director of the Geological Survey of 
the United States, presented a valuable communication on the 
geographical work of the institution over which he so ably pre- 
sides, and Prof. Willis L. Moore, Chief of the U. S. Weather 
Bureau, discussed entertainingly and instructively the Clima- 
tology of the United States. 

The proceedings of August 24 opened with an address by 
Mr F. C. Selous on the Economic Geography of Rhodesia, a re- 
gion in which he has spent twenty-five years in elephant and 
lion hunting, but in which the ultimate destiny of a large part 
of the African continent is now being wrought out. This was 
followed by a Journey in Tripoli, by Mr J. T. Myers; Potamol- 
ogy as a Branch of Geography, by Prof. Albrecht Penck, of the 
University of Vienna; the Geographical Development of the 
Lower Mississippi, by Dr E. L. Corthell, of New York; South- 
eastern Alaska, by Mr Otto J. Klotz, of Ottawa; The First Ascent 
of Mt. Lefroy and Mt. Aberdeen, by Prof. H. B. Dixon, of Man- 
chester; Mexico Felix and Mexico Deserta, by Mr O. H. Howarth, 


17 








THE BRITISH ASSOCIATION 





250 


of London, and The Direction of Lines of Structure in Eurasia, 
by Prince Kropotkin, an important paper written in a Russian 
prison and saved from destruction by the Russian Geographical 
Society after the escape of its author. 

On August 25, the closing day of the meeting, Prof. W. M. 
Davis, of Harvard, spoke on the importance of geography as a 
university subject; General A. W. Greely read a paper by Mr 
Henry Gannett, Chief Geographer of the U.S. Geological Sur- 
vey, on the Growth and Material Conditions of the United States, 
and Dr Mill and Prof. Penck exhibited a large number of views 
illustrative of geographic scenes and conditions. 

While the foregoing represents the work of the Geographical 
Section, it by no means exhausts the list of subjects of interest 
to the student of geography that were discussed at the Toronto 
meeting. In the Section of Mathematics and Physics, on August 
19, Prof. John Milne presented a report from the Committee on 
Seismological Observations, and exhibited, for the purpose of 
illustrating the nature of certain recent discoveries, the wonder- 
fully delicate instruments that are used in locating breakages in 
submarine cables. On the same day, in the Section of Geology, 
Prof. J. C. Branner, of Stanford University, discussed The Former 
Extension of the Appalachians across Mississippi, Louisiana, 
and Texas, and Dr F. D. Adams demonstrated the plasticity of 
rocks. Again, in the Section of Mathematics and Physics, on 
August 20, Mr Alexander Johnson, of McGill University, dis- 
cussed the project of an Imperial Hydrographic Survey, and at 
the Horticultural Pavilion Prof. H. O. Forbes, of Liverpool, 
lectured on British New Guinea, its People, and the Problems 
which the Region offers to Geologists and Naturalists. 

In the Section of Meteorology, on August 23, Mr F. Napier 
Denison, of the Toronto Observatory, discussed the Great Lakes 
as a Sensitive Thermometer; Mr John Hopkinson read a paper 
on The Monthly and Annual Rainfall in the British Empire 
during the last Twenty Years, Dr Van Rijckevorsel, of Rotter- 
dam, discussed the Temperature of Europe, laying stress on the 
influences originating in western Asia on the east and in or be- 
yond the Atlantic ocean on the west; Mr R. F. Stupart, of the 
Toronto Meteorological Department, read a paper on The Clima- 
tology of Canada, and Mr R. G. Haliburton, a learned member 
of the Canadian Bar, discussed November Meteors and Novem- 
ber Flood Traditions. In the evening Prof. John Milne lectured 
before the Association in general session on Earthquakes and 
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Volcanoes, an exceptionally large and distinguished audience 
being attracted by the fame of the man who announced in Eng- 
land on the day of its occurrence the terrible earthquake which 
visited Japan in June, 1896. 

The Anthropological Section also presented many attractions 
to the geographer, especially on August 23, when the proceed- 
ings included a paper by Mr B. Sulte on the Origin and Charac- 
teristics of the French-Canadians, an account of the Seri Indians, 
by Prof. W J McGee, Acting President of the American Associa- 
tion, and a long discussion on the Evidences of American-Asiatic 
Contact, opened by Prof. F. W. Putnam, of Harvard. 

It will readily be seen from the foregoing that the Toronto 
meeting of the British Association was the occasion of many 
notable contributions to geographic science, and no apology will 
be offered for the presentation in forthcoming numbers of THE 
NATIONAL GEOGRAPHIC MAGAZINE of abridgments of such of them 
as are of greatest value and are available for the purpose. 


. Hi. 


THE GREAT UNMAPPED AREAS ON THE EARTH’S 
SURFACE AWAITING THE EXPLORER AND 
GEOGRAPHER* 


By J. Scorr Kexrirz, LL. D., 


Secretary to the Royal Geographical Society, Editor of the Geographical Journal 
and of the Statesman’s Year-Book, etc., etc. ’ 


We meet this year in exceptional circumstances. Thirteen 
years ago the British Association met for the first time in a por- 
tion of the empire beyond the limits of the British islands. Dur- 
ing these thirteen years much has happened of the greatest inter- 
est to geographers, and if attempted to review the progress which 
has been made during these years—progress in the exploration 
of the globe, progress in geographical research, progress in geo- 
graphical education—I could not hope to do it to any purpose in 
the short time during which it would be right for a president to 
monopolize the attention of the Section. 

But we have, at the same time, reached another stage in our 
history which naturally leads us to take stock of our progress in 


* Presidential address delivered before the Geographical Section of the British Asso- 
ciation for the advancement of Science, at Toronto, August 19, 1897. 
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the past. We have all of us been celebrating the sixtieth year 
of the glorious reign of the Sovereign of whose vast dominions 
Canada and the United Kingdom form integral parts. The pro- 
gress made during that period in our own department of science 
has been immense; it would take volumes to tell what has been 
done for the exploration of the globe. 

The great continent of Africa has practically been discovered, 
for sixty years ago almost all but its rim was a blank. In 1837 
enormous areas in North America were unexplored and much of 
the interior of South America was unknown. Inall parts of Asia 
vast additions have been made to our knowledge; the maps of 
the interior of that continent were sixty years ago of the most 
diagrammatic character. The Australian interior was nearly as 
great a blank as thatof Africa; New Zealand had not even been 
annexed. Need [remind you of the great progress which has 
been made during the period both in the North and South Polar 
areas, culminating in the magnificent achievement of Dr Nansen? 
It was just sixty years ago that the great Antarctic expedition 
under Sir James Ross was being organized ; since that, alas ! little 
or nothing has been done to follow up his work. Sixty years ago 
the science of oceanography, even the term, did not exist. It is 
the creation of the Victorian era, and may be said almost to have 
had its origin in the voyage of the Challenger, which added a 
new domain to our science and opened up inexhaustible fields of 


research. 
* * * * * * * 


I have thought, then, that the most useful and most manage- 
able thing to do on the present occasion will be to indicate briefly 
what, in my estimation, are some of the problems which geogra- 
phy has to attack in the future, only taking such glances at the 
past as will enable us to do this intelligibly. 


ASIA 


Turning to the continent of Asia, we find that immense progress 
has been made during the past. sixty years. In the presidential 
address given sixty years ago Mr Hamilton says of Asia: “ We 
have only a general knowledge of the geographical character of the 
Burman, Chinese, and Japan empires; the innumerable islands 
of the latter are still, except occasionally, inaccessible to European 
navigators. Geographers hardly venture on the most loose de- 
scription of Tibet, Mongolia, or Chinese Tartary, Siam, and Cochin 
China.” Since then the survey of India, one of the greatest 
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enterprises undertaken by any State, has been completed, and is 
being rapidly extended over Burma. But I need not remind you 
in detail of the vast changes that have taken place in Asia dur- 
ing these years and the immense additions that have been made 
to our knowledge of its geography. Exploring activity in Asia 
is not likely to cease, though it is not to be expected that its in- 
hospitable center will ever be so carefully mapped as have been 
the mountains of Switzerland. 

The most important desiderata, so far as pioneer exploration 
in Asia is concerned, may be said to be confined to two regions. 
In southern and central Arabia there are tracts which are en- 
tirely unexplored. It is probable that this unexplored region is 
in main a sandy desert. At the same time it is, in the south at 
least, fringed by a border of mountains whose slopes are capable 
of rich cultivation and whose summits the late Mr Theodore Bent 
found, on his last and fatal journey, to be covered with snow. 
In exploration, as in other directions, it is the unexpected that 
happens; and if any traveler cared to face the difficulties—phys- 
ical, political, and religious—which might be met with in south- 
ern and central Arabia, he might be able to tell the world a sur- 
prising story. 

The other region in Asia where real pioneer work still remains 
to be done is Tibet and the mountainous districts bordering it on 
the north and east. Lines of exploration have in recent years 
been run across Tibet by Russian explorers like Prjevalsky, by 
Rockhill, Prince Henry of Orleans, and Bonvalot, by Bower, Lit- 
tledale,Wellby,and Malcolm. From the resultsobtained by these 
explorers we have formed a fair idea of this, the most extensive, 
the highest,and the most inhospitable plateau in the world. A 
few more lines run in well selected directions would probably 
supply geography with nearly all she wants to learn about such 
a region, though more minute exploration would probably fur- 
nish interesting details as to its geological history. 


THE FORBIDDEN CITY 


The region lying to the north of the Himalayan range and to 
the south of the parallel of Lhasa is almost a blank on the map, 
and there is ample room here for the enterprising pioneer. The 
forbidden city of Lhasa is at present the goal of several advent- 
urers, though as a matter of fact we cannot have much to learn 
in addition to what has been revealed in the interesting narra- 
tive of the native Indian traveler, Chandra Das. The magnifi- 
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cent mountain region on the north and east of Tibet furnishes a 
splendid field for the enterprising explorer. Mrs Bishop recently 
approached it from the east, through Sze-chuen, and her descrip- 
tion of the romantic scenery and the interesting non-Mongolian 
inhabitants leaves us with a strong desire to learn more. On the 
southeast of Tibet is the remarkable mountainous region, con- 
sisting of a series of lofty parallel chains, through which run the 
upper waters of the Yangtse, the Mekong, the Salwin, and the 
Irrawaddy. This last-named river, recent exploration has shown, 
probably does not reach far into the range. But it will be seen 
by a glance at a map that the upper waters of the other rivers 
are carried far into the heart of the mountains. But these upper- 
river courses are entirely conjectural and have given rise to much 
controversy. There is plenty of work here for the explorer, 
though the difficulties, physical and political, are great. 

But besides these great unexplored regions there are many 
blanks to be filled up in other parts of Asia,and regions which, 
though known in ageneral way, would well repay careful exam- 
ination. There is the mountain track between the Zarafshan 
river and the middle course of the Sarkhab, tributary of the Oxus, 
and the country lying between that and the Oxus. There is the 
great Takla-Makan desert in Chinese or Eastern Turkistan, part 
of which has recently been explored by Russian expeditions and 
by that young and indefatigable Swedish traveler, Dr Sven Hedin. 
It is now one of the most forbidding deserts to be found anywhere, 
but it deserves careful examination, as there are evidences of its 
once having been inhabited, and that at no very remote period. 
It is almost surrounded by the Tarim, and on its eastern edge lies 
Lob-nor, the remarkable changes in which have been the subject 
of recent investigation. As readers of Dr Nansen’s Voyage of 
the Fram will remember, the Siberian coast is most imperfectly 
mapped. Of course it is a difficult task, but it is one to which 
the Russian government ought to be equal. China has on paper 
the appearance of being fairly well mapped; but as a matter of 
fact our knowledge of its mountain ranges and of its great river 
courses is to a large extent extremely vague. All this awaits care- 
ful survey. In northeastern Manchuria and in many parts of 
Mongolia there are still blanks to be filled up and mountain and 
river systems to be surveyed. In the Malay peninsula and in 
the great array of islands in the east and southeast of Asia—Su- 
matra, Borneo, the Philippines—much work still remains to be 
done. Thus for the coming century there will be abundance of 
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work for explorers in Asia and plenty of material to occupy the 
attention of our geographical societies. 


DARKEST AFRICA 


Coming to the map of Africa, we find the most marvelous trans- 
formation during the last sixty years, and mainly during the last 
forty vears, dating from Livingstone’s memorable journey across 
the continent. Though the north of Africa was the home of one 
of the oldest civilizations, and though on the shores of the Med- 
iterranean Phoenicians, Carthaginians, Greeks, and Romans were 
at work for centuries, it has only been within the memory of many 
of us that the center of the continent, from the Sahara to the con- 
fines of Cape Colony, has ceased to be an unexplored blank. This 
blank has been filled up with bewildering rapidity. Great rivers 
and lakes and mountains have been laid down in their main 
features, and the whole continent, with a few unimportant ex- 
ceptions, has been parceled out among the powers of Europe; 
but much still remains to be done ere we can form an adequate 
conception of what is in some respects the most interesting and 
the most intractable of the continents. Many curious problems 
still remain to be solved. The pioneer work of exploration has 
to a large extent been accomplished ; lines have been run in all 
directions; the main features have been blocked out; but be- 
tween these lines the broad meshes remain to be filled in, and 
to do this will require many years of careful exploration. How- 
ever, there still remain one or two regions that afford scope for 
the adventurous pioneer. 

To the south of Abyssinia and to the west and northwest of 
Lake Rudolf, on to the Upper Nile, is a region of considerable ex- 
tent, which is still practically unknown. Again, in the western 
Sahara there is an extensive area, inhabited mainly by the in- 
tractable Tuaregs, into which no one has been able to penetrate, 
and of which our knowledge is extremely scanty. Even in the 
central Sahara there are great areas which have not been tra- 
versed, while in the Libyan desert much remains to be done. 
These regions are of interest almost solely from the geographical 
and geological standpoints; but they deserve careful investiga- 
tion, not only that we may ascertain their actual present condi- 
tion, but in order, also, that we may try to discover some clues 
to the past history of this interesting continent. Still, it must 
be said that the great features of the continent have been so fully 
mapped during the last half century that what is required now 
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is mainly the filling-in of the details. This is a process that re- 
quires many hands and special qualifications. All over the con- 
tinent there are regions which will repay special investigation. 
Quite recently an English traveler, Mr Cowper, found not far from 
the Tripoli coast miles of magnificent ruins and much to correct 
onourmaps. If only the obstructiveness of the Turkish officials 
could be overcome, there is a rich harvest for any one who will 
go to work with patience and intelligence. Even the interior of 
Morocco,and especially the Atlas mountains,are but little known. 
The French, in both Tunis and Algeria, are extending our knowl- 
edge southward. 


EFFORTS OF THE POWERS 


All the powers who have taken part in the scramble for Africa 
are doing much to acquire a knowledge of their territories. Ger- 
many especially deserves praise for the persistent zeal with which 
she has carried out the exploration of her immense territories in 
East and West Africa. The men she sends out are unusually 
well qualified for the work, capable not simply of making a run- 
ning survey as they proceed and taking notes on country and 
people, but of rendering a substantial account of the geology, 
the fauna, the flora, and the economic conditions. Both in the 
French and the British spheres good work is also being done, 
and the map of Africa is being gradually filled up. But what 
we especially want now are men of the type of Dr J. W. Gregory, 
whose book on the Great Rift valley is one of the most valuable 
contributions to African geography ever made. If men of this 
stamp would settle down in regions like that of Mount Ruwen- 
zori or Lake Rudolf or the region about lakes Bangweolo and 
Tanganyika, or in the Atlas or in many other regions that could 
be named, the gains to scientific geography, as well as to the eco- 
nomic interests of Africa, would be great. An example of work 
of this kind is seen in the discoveries made by a young biologist 
trained in geographical observation, Mr Moore, on Lake Tan- 
ganyika. There he found a fauna which seems to afford a key 
to the past history. of the center of the continent, a fauna which, 
Mr Moore maintains, is essentially of a salt-water type. Mr 
Moore, I believe, is inclined to maintain that the ancient con- 
nection of this part of Africa with the ocean was not by the west, 
as Joseph Thomson surmised, but by the north, through the 
Great Rift valley of Dr Gregory, and he strongly advocates the 
careful examination of Lake Rudolf as the crucial test of his 
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theory. It is to be hoped that he or some one equally compe- 
tent will have an opportunity of carrying out an investigation 
likely to provide results of the highest importance. 


CLIMATE OF THE COUNTRY 


But there are other special problems connected with this, the 
most backward and the most repellent of continents, which de- 
mand serious investigation—problems essentially geographical. 
One of the most important of these, from the point of view of the 
development of Africa, is the problem of acclimatization. The 
matter is of such prime importance that a committee of the Asso- 
ciation has been at work for some years collecting data as to the 
climate of tropical Africa. In a general way we know that that 
climate is hot and the rainfall scanty ; indeed, even the geogra- 
phers of the ancient world believed that Central Africa was unin- 
habitable on account of its heat; but science requires more than 
generalities, and therefore we look forward to the exact results 
which are being collected by the committee referred to with much 
hope. We can only go to work experimentally until we know 
precisely what we have to deal with. It will help us greatly to 
solve the problem of acclimatization when we have the exact fac- 
tors that go to constitute the climate of tropical Africa. At pres- 
ent there is no doubt that the weight of competent opinion—that 
is, opinion of those who have had actual experience of African 
climate and of those who have made a special study of the effects 
of that climate on the human constitution—is that, though white 
men, if they take due precautions, may live and do certain kinds 
of work in tropical Africa, it will never be possible to colonize 
that part of the world with people from the temperate zone. This 
is the lesson taught by generations of experience of Europeans 
in India. 

So far, also, sad experience has shown that white people can- 
not hope to settle in Central Africa as they have settled in Can- 
ada and the United States and in Australia, and make it a nur- 
sery and a hone for new generations. Even in such favorable 
situations as Blantyre, a lofty region on the south of Lake Nyasa, 
children cannot be reared beyond a certain age; they must be 
sent home to England, otherwise they will degenerate physically 
and morally. No country can ever become the true home of a 
people if the children have to be sent away to be reared. Still, 
it is true our experience in Africa is limited. It has been main- 
tained that it might be possible to adapt Europeans to tropical 
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Africa by a gradual process of migration: Transplant southern 
Europeans to north Africa; after a generation or two remove their 
progeny further south, and so on, edging the succeeding genera- 
tion further and further into the heart of the continent. The ex- 
periment—a long one it would be—might be tried ; but it is to 
be feared that the ultimate result would bea race deprived of all 
those characteristics which have made Europe what it is. 


HIDDEN ENEMIES 


An able young Italian physician, Dr Sambon, has recently 
faced this important problem, and has not hesitated to come to 
conclusions quite opposed to those generally accepted. His posi- 
tion is that it has taken us centuries in Europe to discover our 
hidden enemies, the microbes of the various diseases to which 
northern humanity is a prey, and to meet them and conquer 
them. In Africa we have a totally different set of enemies to 
meet, from lions and snakes down to the invisible organisms that 
produce those forms of malaria, anzemia, and other diseases 
characteristic of tropical countries. He admits that these are 
more or less due to heat, to the nature of the soil, and other trop- 
ical conditions, but that if once we knew their precise nature and 
modes of working we should be in a position to meet them and 
conquer them. It may be so, but this is a result that could only 
be reached after generations of experience and investigation, and 
even Dr Sambon admits that the ultimate product of European 
acclimatization in Africa would be something quite different from 
the European progenitors. What is wanted is a series of care- 
fully conducted experiments. 

I have referred to the Blantyre highlands. In British East 
Africa there are plateaus of much greater altitude, and in other 
parts of Central Africa there are large areas of 4.000 feet and over 
above sea level. The world may become so full that we may be 
forced to try to utilize these lofty tropical regions as homes for 
white people when Canada and Australia and the United States 
become over populated. As one of my predecessors in this chair 
(Mr Ravenstein) tried to show at the Leeds meeting some years 
ago, the population of the world will have more than doubled in 
a century, and about 180 years hence will have quadrupled. At 
any rate, here is a problem of prime importance for the geog- 
rapher of the coming century to attack. With so many ener- 
getic and intelligent white men all over Africa, it should not be 
difficult to obtain the data which might help toward its solution. 
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NORTH AMERICA 


I have dwelt thus long on Africa, because it will really be one 
of the great geographical problems of the coming century. Had 
it been as suitable as America or Australia, we may be sure it 
would not have remained so long neglected and despised by the 
European peoples as it has done. Unfortunately for Africa, just 
as it had been circumnavigated, and just as Europeans were be- 
ginning to settle upon its central portion and trying to make their 
way into the interior, Columbus and Cabot discovered a new 
world—a world as well adapted as Europe for the energies of the 
white races. That discovery postponed the legitimate develop- 
ment of Africa for four centuries. Nothing could be more marked 
than the progress which America has made since its rediscovery 
400 years ago, and the stagnation of Africa, which has been known 
to Europe since long before the beginning of history. During 
these 400 years North America at least has been very thoroughly 
explored. The two great nations which divide North Americz 
between them have their Government surveys, which are rapidly 
mapping the whole continent and investigating its geology, phys- 
ical geography, and natural resources. 

I need hardly tell an audience like this of the admirable work 
done by the survey of Canada under Sir William Logan, Dr 
Selwyn, and his successor, Dr George Dawson; nor should it be 
forgotten that under the lands department much excellent to- 
pographical work has been carried out by Captain Deville and 
his predecessors. Still, though much has been done, much re- 
mains to be done. There are large areas which have not as yet 
been roughly mapped. Within quite recent years we have had 
new regions opened up to us by the work of Dawson and Ogilvie 
on the Yukon, Dr Bell in the region to the south of Hudson bay, 
by the brothers Tyrrell in the barren lands on the west of the 
same bay, by O’Sullivan beyond the sources of the Ottawa, and 
by Low in Labrador. 

But it is not so long since that Dr Dawson, in reviewing what 
remains to be done in the Dominion in the way of even pioneer 
exploration, pointed out that something like a million square 
miles still remained to be mapped. Apart from the uninhahii- 
able regions in the north, there are, as Dr Dawson pointed out, 
considerable areas which might be turned to profitable agricult- 
ural and mining account of which we know little, such areas as 
these which have been recently mapped out on the south of Hud- 
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son bay by Dr Bell and beyond the Ottawa by Mr O’Sullivan. 
Although the eastern and western provinces have been very fully 
surveyed, there is a considerable area between the two lying be- 
tween Lake Superior and Hudson bay which seems to have been 
so far almost untouched. A very great deal has been done for 
the survey of the rivers and lakes of Canada. I need hardly say 
that in Canada, as elsewhere in America, there is ample scope for 
the study of many problems in physical geography—past and 
present glaciation and the work of glaciers, the origin and régime 
of lake basins, the erosion of river beds, the oscillation of coast 
lines. Happily, both in Canada and the United States there are 
many men competent and eager to work out problems of this class, 
and in the reports of the various surveys, in the transactions of 
American learned societies, in scientific periodicals, and in sepa- 
rate publications, a wealth of data has already been accumulated 
of immense value to the geographer. 


UNITED STATES 


Every geologist and geographer knows the important work 
which has been accomplished by the various surveys of the 
United States, as well as by the various State surveys. The 
United States Coast Survey has been at work for more than half 
a century, mapping not only the coast but all the navigable 
rivers. The Lake Survey has been doing a similar service for 
the shores of the Great Lakes of North America. But it is the 
work of the Geological Survey which is best known to geogra- 
phers—a survey which is really topographical as well as geolog- 
ical, and which, under such men as Hayden, King, and Powell, 
has produced a series of magnificent maps, diagrams, and mem- 
oirs of the highest scientific value and interest. Recently this 
survey has been placed on a more systematic basis, so that now 
a scheme for the topographical survey of the whole of the terri- 
tory of the United States is being carried out. Extensive areas 
in various parts of the States have been already surveyed on 
different scales. It is to be hoped that in the future, as in the 
past, the able men who are employed on this survey work will 
have opportunities of working out the physiography of particu- 
lar districts, the past and present geography of which is of ad- 
vancing scientific interest. Of the complete exploration and 
mapping of the North American ‘continent we need have no ap- 
prehension ; it is only a question of time, and it is to be hoped 
that neither of the governments responsible will allow political 
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exigencies to interfere with what is really a work of national 
importance. 


CENTRAL AND SOUTH AMERICA 


It is when we come to Central and South America that we find 
ample room for the unofficial explorer. In Mexico and the Cen- 
tral American States there are considerable areas of which we 
have little or only the vaguest knowledge. In South America 
there is really more room now for the pioneer explorer than 
there is in Central Africa. In recent years the Argentine Repub- 
lic has shown laudable zeal in exploring and mapping its im- 
mense territories, while a certain amount of good work has also 
been done by Brazil and Chile. Most of our knowledge of South 
America is due to the enterprise of Europeans and of North Amer- 
ican explorers. Along the great river courses our knowledge is 
fairly satisfactory, but the immense areas, often densely clad with 
forests, lying between the rivers are almost unknown. In Pata- 
gonia, though a good deal has recently been done by the Argen- 
tine government, still in the country between Punta Arenas and 
the Rio Negro we have much to learn, while on the West Coast 
range, with its innumerable fjord-like inlets, its islands and 
peninsulas, there is a fine field for the geologist and physical 
geographer. Indeed, throughout the whole range of the Andes 
systematic exploration is wanted, exploration of the character 
of the excellent work accomplished by Whymper in the region 
around Chimborazo. 

There is an enormous area lying to the east of the northern 
Andes and including their eastern slopes, embracing the eastern 
half of Ecuador and Colombia, southern Venezuela, and much 
of the country lying between that and northern Bolivia, includ- 
ing many of the upper tributaries of the Amazon and Orinoco, 
of which our knowledge is of the scantiest. Even the country 
lying between the Rio Negro and the Atlantic is but little known. 
There are other great areas in Brazil and in the northern Chaco 
which have only been partially described, such as the region 
whence the streams forming the Tapajos and the Paraguay take 
their rise, in Mato Grosso. A survey and detailed geographical 
and topographical description of the whole basin of Lake Titi- 
caca is a desideratum. 

In short, in South America there is a wider and richer field for 
exploration than in any other continent. But no mere rush 
through these little-known regions will suffice. The explorer 
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must be able not only to use his sextant and his theodolite, his 
compass, and his chronometer. Any expeditions entering these 
regions ought to be able to bring back satisfactory information 
on the geology of the country traversed, and of its fauna and 
flora, past and present. Already the revelations which have been 
made of the past geography of South America and of the life that 
flourished there in former epochs are of the highest interest. 
Moreover, we have here the remains of extinct civilizations to 
deal with, and although much has been done in this direction, 
much remains to be done, and in the extensive region already 
referred to the physique, the traditions, and the customs of the 
natives will repay careful investigation. 


AUSTRALIA 


The southern continent of Australia is in the hands of men of 
the same origin as those who have developed to such a wonder- 
ful extent the resources of Canada and the United States, and 
therefore we look for equally satisfactory results so far as the 
characteristics of that continent permit. The five colonies which 
divide among them the three million square miles of the conti- 
nent have each of them efficient government surveys, which are 
rapidly mapping their features and investigating their geology ; 
but Australia has a trying economic problem to solve. In none 
of the colonies is the water supply quite adequate; in all are 
stretches of desert country of greater or less extent. The center 
and western half of the continent are covered by a desert more 
waterless and more repellent than even the Sahara; so far as our 
present knowledge goes, one-third of the continent is uninhabit- 
able. This desert area has been crossed by explorers, at the ex- 
pense of great sufferings, in various directions, each with the same 
dreary tale of almost featureless sandy desert, covered here and 
there with spinifex and scrub, worse than useless. There are 
hundreds of thousands of square miles still unknown, but there 
is no reason to believe that these areas possess any features that 
differ essentially from those which have been found along the 
routes that have been explored. 

There have been one or two well-equipped scientific expedi- 
tions in recent years that have collected valuable data with re- 
gard to the physical characteristics, the geology and biology of 
the continent; and it is in this direction that geography should 
look for the richest results in the future. There remains much 
to be done before we can arrive at satisfactory conclusions as to 
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the physical history of what is in some respects the most remark- 
able land area on the globe. Though the surface water supply 
is so scanty, there is reason to believe that underneath the sur- 
face there is an immense store of water. In one or two places in 
Australia, especially in western Queensland and in New South 
Wales, this supply has been tapped with satisfactory results ; 
millions of gallons a day have been obtained by sinking wells. 
Whether irrigation can ever be introduced on an extensive scale 
into Australia depends upon the extent and accessibility of the 
underground water supply, and that is one of the geographical 
problems of the future in Australia. New Zealand has been fairly 
well surveyed, though a good deal remains to be done before its 
magnificent mountain and glacier system is completely known. 
In the great island of New Guinea both the British and the Ger- 
mans are opening up the interiors of their territories to our knowl- 
edge, but the western and much larger portion of the island pre- 
sents a large field for any explorer who cares to venture into its 
interior. 


POLAR EXPLORATION 


The marvelous success which has attended Dr Nansen’s daring 
adventure into the Arctic seas has revived a widespread interest 
in polar exploration. Nansen may be said to have almost solved 
the North Pole problem—so far, at least, as the Old World side 
of the Pole is concerned. That some one will reach the Pole at 
no distant date is certain; Nansen has shown the way, and the 
legitimate curiosity of humanity will not rest satisfied till the 
goal be reached. But Arctic exploration does not end with the 
attainment of the Pole. Europe has done her share on her own 
side of the Pole; what about the side which forms the hinter- 
land of North America, and especially of Canada? ‘To the north 
of Europe and Asia we have the scattered groups of islands, Spits- 
bergen, Franz Josef Land, Nova Zembla, and the New Siberian 
islands. To the north of America we have an immense archi- 
pelago, the actual extent of which is unknown. Nansen and 
other Arctic authorities maintain that the next thing to be done 
is to complete exploration on the American side—to attempt to 
do for that half of the North Polar region what Nansen has done 
for the other half. It may be that the islands which fringe the 
northern shores of the new world are continued far to the north ; 
if so, they would form convenient stages for the work of a well- 
equipped expedition. It may be that they do not go much far- 
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ther than we find them on our maps. Whatever be the case, it 
is important, in the interests of science, that this section of the 
polar area be examined; that as high a latitude as possible be 
attained; that soundings be made to discover whether the deep 
ocean extends all round the Pole. 

It is stated that the gallant Lieutenant Peary has organized a 
scheme of exploring this area which would take several years to 
accomplish. Let us hope that he will be able to carry out his 
scheme. Meantime, should Canada look on with indifference ? 
She has attained the standing of a great and prosperous nation. 
She has shown the most commendable zeal in the exploration 
of her own immense territory. She has her educational, scien- 
tific, and literary institutions which will compare favorably with 
those of other countries; her press is of a high order, and she 
has made the beginnings of a literature and an art of her own. 
In these respects she is walking in the steps of the mother coun- 
try. But has Canada not reached a stage when she is in a posi- 
tion to follow the maternal example still further? What has 
more contributed to render the name of Great Britain illustrious 
than those enterprises which for centuries she has sent out from 
her own shores, not a few of them solely in the interests of sci- 
ence? Such enterprises elevate a nation and form its glory and 
its pride. Surely Canada has ambitions beyond mere material 
prosperity ; and what better beginning could be made than the 
equipment of an expedition for the exploration of the seas that 
lie between her and the Pole? I venture to throw out these 
suggestions for the consideration of those who have at heart the 
honor and glory of the great Canadian Dominion. 


THE ANTARCTIC REGIONS 


Not only has an interest in Arctic exploration been revived, 
but in Europe at least an even greater interest has grown up in 
the exploration of the region around the opposite Pole of the 
earth of which our knowledge is so scanty. Since Sir James C. 
Ross’ expedition, which was sent out in the year 1839, almost 
nothing has been done for Antarctic research. We have here to 
deal with conditions different from those which surround the 
North Pole. Instead of an almost landless ocean, it is believed 
by those who have given special attention to the subject that a 
continent about the size of Australia covers the South Polar re- 
gion. But wedo not know for certain, and surely, in the interests 
of our science, it is time we had a fairly adequate idea of what 
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are the real conditions. We want to know what is the extent of 
that land, what are its glacial conditions, what is the character 
of its geology, what evidence exists as to its physical and bio- 
logical conditions in past ages? We know there is one lofty, 
active voleano. Are there any others? Moreover, the science 
of terrestrial magnetism is seriously impeded in its progress 
because the data in this department from the Antarctic are so 
scanty. The seas around this continent require to be investi- 
gated both as to their depth, their temperature, and their life. 
We have here, in short, the most extensive unexplored area on 
the surface of the globe. 

For the last three or four years the Royal Geographical Society, 
backed by other British societies, has been attempting to move 
the home government to equip an adequate expedition to com- 
plete the work begun by Ross sixty years ago, and to supplement 
the great work of the Challenger ; but though sympathy has been 
expressed for Antarctic exploration, and though vague promises 
have been given of support, the government is afraid to enter 
upon an enterprise which might involve the services of a few 
naval officers and men. We need not criticise this attitude ; but 
the Royal Geographical Society has determined not to let the 
matter rest here. It is now seeking to obtain the support of pub- 
lic spirited men for an Antarctic expedition under its own au- 
spices. It is felt that Antarctic exploration is peculiarly the 
work of England, and that if an expedition is undertaken it will 
receive substantial support from the great Australasian colonies, 
which have so much to gain from a knowledge of the physical 
condition of a region lying at their own doors and probably hav- 
ing a serious influence on their climatological conditions. Here, 
then, is one of the greatest geographical problems of the future, 
the solution of which should be entered upon without further 
delay. It may be mentioned that a small and well-equipped 
Belgian expedition has already started, mainly to carry out deep- 
sea search around the South Pole area, and that strenuous efforts 
are being made in Germany to obtain the funds for an expedition 
on a much larger scale. 


OCEANOGRAPHY 


But our science has to deal not only with the lands of the 
globe; its sphere is the whole of the surface of the earth and all 
that is thereon, so far at least as distribution is concerned. The 
department of oceanography is a comparatively new creation ; in- 
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deed, it may be said to have come definitely into being with the 
famous voyage of the Challenger. There had been expeditions 
for ocean investigation before that, but on a very limited scale. 
It has only been through the results obtained by the Challenger, 
supplemented by those of expeditions that have examined more 
limited areas, that we have been able to obtain an approximate 
conception of the conditions which prevail throughout the va- 
rious ocean depths—conditions of movement, of temperature, of 
salinity, of life. We have only a general idea of the contours of 
the ocean bed, and of the composition of the sediment which 
covers that bed. The extent of the knowledge thus acquired may 
be gauged from the fact that it occupies a considerable space in 
the fifty quarto volumes—the Challenger publications—which it 
took Dr John Murray twenty years to bring out. 

What islands are to the ocean, lakes are to the land. It is only 
recently that these interesting geographical features have received 
the attention they deserve. 

Rivers are of not less geographical interest than lakes, and these 
have also recently been the subject of special investigation by 
physical geographers. I have already referred to Professor Davis’ 
study of a special English river system. The work in the En- 
glish lake district by Mr Marr, spoken of in connection with Dr 
Mill’s investigations, was mainly on the hydrology of the region. 
Both in Germany and in Russia special attention is being given 
to this subject, while in America there is an enormous literature 
on the Mississippi alone, mainly, no doubt, from the practical 
standpoint, while the result of much valuable work on the St 
Lawrence is buried in Canadian official publications. 
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Transoceanic navigation, with all that it has been to the com- 
merce of the world and the development of the civilization of the 
nineteenth century, rests upon the magnetic needle of the mari- 


ner’s compass. None but those who may estimate the effect of 


the sudden loss of the earth’s marnetism will ever fully know 
the extent of the influence of the compass in human affairs. 
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Throughout the history of ocean navigation it has remained pre- 
eminent among nautical instruments; and today, by the side of 
the chronometer and sextant, it is scarcely less important than 
it was when it constituted the navigator’s sole equipment. The 
later instruments have contributed to precision in the use of the 
compass and to precise navigation in general, but they have in 
no sense supplanted it or greatly affected the degree of its funda- 
mental importance. 

Up to the era of iron ships the management of the mariner’s 
compass was as simple as the surveyor’s, being influenced by the 
earth’s magnetism alone; but with the growth of the application 
of steam propulsion to modern ships and the employment of iron 
and steel in their construction it was found that every ship her- 
self becomes a great magnet like the earth is, although of lesser 
intensity. 

It has long been known that the earth acts upon the magnetic 
needle somewhat as a bar magnet does, and that it has definite 
poles of magnetic strength and a magnetic field surrounding it 
which may be represented in general by lines of magnetic in- 
tensity issuing from one pole and proceeding to the other by 
curved paths to which a freely suspended magnetic needle will 
everywhere set itself tangent. For more than a century it has 
been customary among geomagneticians to represent the elements 
of the direction and intensity of the earth’s magnetism as mani- 
fested at its surface by lines conceived to be drawn upon the 
surface of the globe. ‘The lines passing through all places where 
the angle between the plane of the astronomical meridian and 
the vertical plane passing through a freely suspended magnetic 
needle is the same are called lines of equal magnetic declination 
or, among mariners and surveyors, lines of equal variation of the 
compass. These lines issue from one magnetic pole and pass by 
curved paths to the other and through the geographical poles of 
the earth. The lines which are conceived to be drawn through 
all places where the angle between the direction of a freely sus- 
pended needle and the plane of the horizon is the same are called 
lines of equal magnetic inclination or dip. They gird the earth 
in circumferences parallel to the magnetic equator, somewhat the 
same as the parallels of latitude with reference to the geo- 
graphical equator. The magnetic equator is the line passing 
through every point at which the freely suspended needle lies in 
a horizontal plane. As we travel from the magnetic equator to- 
ward the northern magnetic pole the needle inclines more and 
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more, the north end tending downwards until the pole is reached, 
when the needle assumes a vertical direction. As we travel 
toward the southern magnetic pole the same takes place with 
the south end of the needle. 

Similar results may be obtained by carrying a small needle 
through the magnetic field ofa bar-magnet. At the neutral band 
it will be parallel to the bar, while, as either end is approached, 
the dip toward the Pole becomes more and more; and as with 
the bar-magnet, which has a magnetic field that varies in inten- 
sity from point to point, so with the earth, whose magnetic field 
is powerful near the Poles and steadily moderates in strength as 
the magnetic equator is approached. There is thus a third set 
of lines passing through all points where the magnetic intensity 
is the same. ‘These are known as isodynamic lines or lines of 
equal magnetic intensity. In general contour they follow the 
lines of equal inclination or dip. 

These different systems of lines representing the magnetic ele- 
ments have not on the earth that symmetry and regularity which 
they would present around a steel bar; but, on the contrary, they 
often pursue serpentine courses with many a bend and loop; 
and since the values of the magnetic elements are not fixed either 
as to time or locality, they shift their positions hourly, daily, 
monthly, yearly, and through centuries. These changes are all 
believed to be periodic and, with the exception of the secular 
change, are of such small amplitude that they do not affect the 
use of the compass on the seas where commerce is carried on. 
So that for purposes of navigation, the terrestrial magnetic lines 
may be drawn so as to hold good for several years from a given 
epoch. 

A freely suspended magnetic needle dipping, as it does, every- 
where except on the magnetic equator, is of no value to guide a 
ship. The compass needle must be horizontal. This condition 
is attained in practice by putting a small sliding counterpoise on 
the needle to overcome the downward pull of the earth’s mag- 
netism, or by floating the com pass-card in a mixture of water and 
alcohol. It is, therefore, only the horizontal component of the 
earth’s magnetism that gives steadiness to the needle of the 
compass and influences its direction. 

If a wooden ship, with no metal other than the copper in her 
frame, were to sail around the world, her compass would experi- 
ence only those magnetic phases that result from the influence 
of the earth’s magnetism—more or less steadiness, according to 
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the varying amount of the horizontal component of the intensity 
of the terrestrial magnetic field, and a variation of the compass 
of larger or smaller amount according to geographical position— 
the ship herself would exert no influence whatever. But, in 
modern navigation, instead of guiding a vessel having no mag- 
netic influence whatever over the globe—a great magnet whose 
magnetic elements are known—the mariner’s compass is em- 
ployed in guiding a steel vessel, which is a great magnet, whose 
magnetic elements are ever varying and capricious, over the 
globe, a greater magnet. 

Ifa bar-magnet be brought into a horizontal position under a 
compass-needle that has assumed a steady position under the 
influence of the earth’s magnetism, the compass-needle will im- 
mediately move and assume a position which is the resultant of 
the joint action of the earth and the bar-magnet ; and with every 
change in the azimuth or inclination of the bar-magnet the com- 
pass-needle will assume a new resultant position. This is anal- 
ogous to the joint action of the magnetism of the earth and the 
iron ship on the mariner’s compass, only the influence of the 
ship is vastly complicated by the existence, along with her per- 
manent magnetic elements. of the ever-varying magnetic effects 
resulting from the inductive action upon the “ soft” iron of the 
ship, of the fields of the earth’s magnetism, and the ship’s per- 
manent magnetism. 

If a cylinder of pure wrought iron that has not been hammered 
and is entirely free from magnetism be held vertically in our 
latitude the upper end instantly becomes a south and the lower 
a north pole. If it be reversed, the magnetism also reverses, so 
that the upper and lower ends are still as they were before—a 
south and anorth pole, respectively. When itis held horizontally 
in the meridian the end toward the north becomes a north pole, 
while that toward the south becomes a south pole; and when 
it is revolved slowly or rapidly in azimuth, the foci of magnetic 
polarity move with the fidelity of a shadow, until when the cyl- 
inder points east and west, all the side facing the north is per- 
vaded by north magnetism, and all facing the south by south 
magnetism. Again, let us conceive the hull of a ship to be like 
the cylinder of pure wrought-iron and as susceptible of mag- 
netic induction in being steered over its ever-changing courses 
as the cylinder is when turned into different positions. Then, 
as the ship steers north, in the northern magnetic hemisphere, 
the bow will become the center of north polarity and the stern 
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that of south polarity. As she gradually changes course to the 
eastward, so will the north focus shift to the port bow, the south 
focus to the starboard quarter, and the neutral line dividing them, 
which while the ship headed north was athwartship, will now 
become a diagonal from starboard bow to port quarter. When 
the ship heads east all the starboard side is pervaded with south 
polarity, the port with north, and the neutral line takes a gen- 
eral fore-and-aft direction. Continuing to change course to the 
southward, the poles and neutral line continue their motion in 
the opposite direction, until at the south the conditions at north 
are repeated, but this time it is the stern that is a north pole, 
while the bow is a south pole. At west the conditions at east 
prevail, only that it is now the starboard side that has north 
polarity and the port side south polarity. And this transient 
induction in both the cylinder and the ideal ship is solely due 
to the effect of the earth’s magnetic field in which they move. 

Leaving now the ideal or “ soft ” iron ship and passing to the 
consideration of the actual ship, which is built of many beams 
and frames that have been bent, hammered, and twisted in fash- 
ioning them for the construction, we find that the structure, al- 
though still containing many “soft” iron pieces that become mag- 
nets when lying in the magnetic meridian and lose their magnetic 
qualities when turned at right angles to that plane, has acquired 
characteristics that make it as permanent and well defined a 
magnet as the steel bar, with poles and neutral line as in the 
bar, but located according to the direction, with reference to the 
magnetic meridian, in which the ship’s keel lay during the 
course of her construction. 

An iron ship, with her frames, plating, decks, beams, stanch- 
ions, shafts, engines, smoke-pipes, yards, and masts, is not a sim- 
ple magnet like a steel bar, but a network of magnets having the 
characteristics of a simple magnet growing out of many and di- 
verse and reactionary influences within the hull. However 
complex the network of magnets may be, yet, for purposes of 
analytical investigation to reach results to enable the mariner 
to allow for the influence of the ship’s magnetism upon the 
compass, its effect may be considered as taking place in three 
coordinate axes, namely, fore-and-aft, athwartship, and vertically 
downward, with the pivot of the compass needle as the origin: 

Almost alJ the structural iron of a ship is symmetrically ar- 
ranged with reference to the vertical plane through the keel, so 
that for any piece on the starboard side another is generally 
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found similarly disposed on the port side; and the problem is 
simplified to pairs of parallel forces, each pair having its result- 
ant parallel to one of the céordinate axes. The effect of every 
magnetic particle, whether of permanent or induced magnetism, 
may be reduced to this condition. If the sum total of all the 
magnetic forces parallel to each céordinate axis be transferred 
to it, and the whole be conceived to be concentrated upon the 
north point of the compass-needle, the entire magnetic power 
of the ship may be compared to that of three imaginary com- 
pound-magnets—one laid horizontally in the axis of X; the 
second, also horizontally, in the axis of Y, and the third, verti- 
cally, in the axis of Z. By steaming around a circle in the open 
sea and observing the compass bearing of the sun with the ship’s 
head on equidistant compass courses, and also, at the same 
times, the astronomical bearings of the sun, the magnetic effect 
of the ship—that is, of the three imaginary compound-magnets 
in the axes of X, Y, and Z—which causes the needle to deflect 
from the magnetic meridian by different angles at the different 
headings, can be immediately found, if the variation of the com- 
pass due to the geographical locality is known. As the ship 
makes a complete circle in azimuth, the north end of the needle 
is drawn sometimes to the right hand of the magnetic meridian 
and sometimes to the left hand; in the former case the deflec- 
tion is called east deviation and in the latter west deviation. A 
table of these deflections, serially arranged, is called a table of 
deviations of the compass. The harmonic analysis of such a 
table of deviations consists in representing each of the element- 
ary magnets, whose effects contribute to make up the imaginary 
compound-magnets, as a separate disturbing cause whose effect 
upon the compass needle may be represented by a constant 
multiplied by a simple harmonic function of the compass-azi- 
muth of the ship’s head. Adding together the effects of the 
different disturbing causes, thus represented, and placing them 
equal to the deviation observed on a certain heading of the ship, 
a conditional equation may be formed for each of the headings 
upon which the deviation was observed. 

From such a series of conditional equations normal equations 
may be found by the method of least squares, and from them 
the harmonic constants which represent the elementary disturb- 
ing magnets. Thus it is that from the effect an intelligent com- 
prehension of the cause may be gained. 

With these coefficients a navigator may compute beforehand 
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the value of the deviation to which his compass will be subject 
on any heading of the ship; but in making long cruises and 
passing into different magnetic latitudes they require unceasing 
attention, because some of them represent the effects of the in- 
duction of the earth’s magnetic field upon the “ soft ” iron of the 
ship, and as the ship sails the ocean she passes through ever- 
varying fields of terrestrial magnetism. Her own magnetism is 
also undergoing continual, though small, changes due to the 
wrenching and straining of the ship by the action of the sea. 
Yet, by examining thoroughly into the harmonic coefficients and 
by considering the known values of the elements of the earth’s 
magnetism, a careful navigator may predict a table of deviations 
for his ship and compass in any part of the world. 

He will then understand and be prepared for such changes in 
the ship’s magnetism as arise from the heeling of the ship, from 
change in geographical position, and from alteration in the course 
after the ship has remained for a long time on one heading, and 
he may navigate his vessel with the confidence and security that 
he would have in a wooden ship, for he can at any time correct 
the course steered by the compass so that the magnetic course 
actually made good may be laid down upon the chart or used in 
the calculation of the ship’s reckoning, he can correct bearings 
of the land by the amount of deviation due to the direction of 
the ship’s head at the time they were taken, and if he wishes to 
shape a course for a port, having found by calculation or from 
the chart the correct magnetic course to be made good, he can so 
apply the deviation as to obtain the compass course to be steered. 

In many modern ships the deviations are largely reduced by 
introducing magnets into positions near the compass to compen- 
sate for the effects of the ship’s magnetism. The analysis of the 
table of deviations shows that the polar forces acting in the ship 
may be represented by imaginary magnets, and it is, therefore, 
certain from well known laws of magnetic action that the effects 
of these disturbing forces may be neutralized by introducing real 
magnets whose forces have the same magnitudes but act in the 


opposite directions. 


The proceedings of the British Association at Toronto were 
admirably reported by the local press, the daily reports of the 
Globe, together with a finely illustrated supplement, aggregating 
nearly 150 columns, or the equivalent of an octavo volume of 


550 pages of long primer. 
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